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Abstract:
The city of Mitrovica, in northern Kosovo, has historically been a heavily contaminated
city due to its lead mining industry. The long history of heavy metal mining and
processing, combined with the violent break-up of Former Yugoslavia, has created a slew
of human health, environmental, and social impacts. High levels of lead exposure in the
minority communities (Roma, Ashkali, Egyptian) of Mitrovica has arisen as one of the
greatest health issues in the area. There have been a number of studies conducted by
governmental and non-governmental organizations, many international, to assess the
severity of the issue. There have also been projects, including relocation and blood
sample analysis, conducted with the objectives of reducing dangerous levels of lead
exposure and increasing public knowledge of the risks associated with lead exposure.
Although great progress has been made in addressing this issue, not all at-risk
communities in the area have been visited and trained in strategies to minimize their risk
of lead exposure. The 2-Korriku neighborhood is a known at-risk population that is
directly adjacent to the Industrial Park, one of the main sources of lead contamination,
and downwind of the lead tailings and slag heaps. This particular community is of mixed
ethnicities (Ashkali and Albanian) and had not yet been visited by trained officials before
this project. In order to determine the community’s lead exposure risk, household lead
dust samples were taken and semi-structured surveys with open-ended questions were
conducted in 57 households in the community. Twelve of the sampled households
exceeded the hazard standards for lead dust on floors and/or windowsills, while thirtyfive were identified as having “red flags” for increased risk of lead exposure. 91% of
respondents showed a willingness to participate in an educational program and 98%
would be use better cleaning supplies if they were available. Suggestions for removing
high household lead concentrations, along with strategies to minimize lead exposure both
inside and outside of the household, are provided. The study was done with the goal of
providing a starting point for future research projects to be done by students from the
Rochester Institute of Technology and the American University in Kosovo. Therefore,
suggestions for continuing on with this study were also provided.
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1. Introduction

Lead background
Lead (Pb) is an industrial metal that has been mined for many centuries and used
for a diverse range of products such as batteries, paint, lining for pipes, ammunition,
petrol (although most countries now ban lead as an anti-knocking additive, hence the
term “unleaded”), and shielding from radiation (WHO, 2010). Unfortunately, lead is also
highly toxic and has caused a number of public health epidemics dating back nearly 2500
years to both Ancient Egypt and the Roman Empire and continuing today in many
countries across the globe (Hernburg, 2000). Although great progress has been made in
minimizing the risk of harmful lead exposure in most developed countries through bans
on lead-containing gasoline, paint, and solder in canned foods, it remains a problem in
many developing countries where there are limited economic resources to deal with the
issue (Lanphear, 2010).
Today, humans may be exposed to toxic forms of lead through a variety of
pathways, including interaction with lead-containing fuel or paint, occupational
interaction, interaction with lead-contaminated waste, or environmental exposure.
Environmental exposure to lead becomes an issue for humans when high concentrations
of the metal are naturally dispersed through overland run-off, groundwater transport, or
wind-blown transport. Toxic forms of lead have become widely distributed in all parts of
the environment, mainly from human activities like mining, manufacturing, leaded petrol
combustion, and waste disposal (CDC, 2011). These different anthropogenic activities
result in the dispersal of lead with varying levels of bioavailability and toxicity that will
determine how severely the contamination might affect the local human population
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(Komarek et al., 2008). Inadequate management of lead mining and processing has led to
dangerous levels of exposure for local populations (Rieuwerts et al., 2000; Albalak et al.,
2003).
Pathways of exposure:
Lead is naturally occurring, making up about 0.002% of the Earth’s crust (WHO,
2010), and is most commonly mined out of mountainous areas, where concentrations are
commercially viable (CDC, 2011). However, with the increased production of recyclable
lead-acid batteries, accounting for about 80% of lead used today, around half of the total
amount of lead used worldwide has been recycled. Nonetheless, mining and processing
lead remains a highly profitable industry as global development continues and demand
for the metal continues to grow in industrializing countries. China, for example, has
steadily increased its annual production, accounting for about 45%, or 1.8 out of 4.1
million tons of global lead mine production in 2010, half of global production, or 2.35 out
of 4.7 million tons in 2011, and an expected 2.6 out of 5.2 million tons of global mine
production in 2012 (USGS, 2013).
Mining and processing heavy metals results in a huge output of leftover waste
material that often contains contaminants hazardous to the local environment. There is
the waste material from the mine, called the spoil, the leftover residue from the
concentration process, called the tailings, and the undesired metals and minerals
separated during the smelting process, called the slag (Lottermoser, 2010). These leftover
materials consist of varying amounts of unrecoverable or undesirable metals and
minerals, processing water, and anything else that may have been in the geological layer
being mined. To achieve lowest costs, the waste is most commonly stored on-site in piles
or in tailings dams with a base layer to avoid groundwater contamination (Engels, 2012).
2

However, this leaves them exposed to environmental elements, which may result in
continual, long-term dispersion of contaminants into surrounding ecosystems and
potentially food webs (Franks et al., 2011).
Following the mining and preliminary processing steps, lead is typically smelted,
or separated from its original ore using heat and reducing agents to reach its purified
form. This is often done near the mines and may result in the contamination of soil,
water, and dust through atmospheric deposition as a result of the long-term escape of
harmful emissions from these industrial facilities. When this lead dust is deposited on
roads, it is often re-suspended and carried into urban areas by cars and trucks (Chen et al.,
2011). Ambient lead will continue to accumulate and will remain in the surrounding
environment long after emission restrictions are put in place or the industry is shut down,
leading to chronic exposure that may directly impact the health of citizens in adjacent
communities (Deocampo, Reed, and Kalenuik, 2012). Often, it is not until some of the
symptoms of lead poisoning are seen in these communities that actions are taken.
Fortunately, lead from different sources exhibit different characteristics, such as
isotopic compositions and bioaccessibility levels, which may be used as “fingerprints” for
speeding up the process of identifying the source and pathways of the lead contamination
(Bosso and Enzweiler, 2008; Komarek et al., 2008). Bioaccessibility refers to the fraction
of the metal that might become separated, or mobilized, from the solid matrix and enter
the body via the gastrointestinal tract of a living organism (Peijnenburg and Jager, 2003;
Pelfrêne et al., 2011). This is an extremely important concept, as high concentrations of
lead with low bioaccessibility may very well be less dangerous than lower concentrations
of lead with higher bioaccessibility.
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Ecotoxicity/environmental impacts
Although lead is naturally dispersed, anthropogenic emissions (especially since
the Industrial Revolution) have increased environmental levels and created a greater risk
for exposure and toxicity in invertebrates, fish, and wildlife (Scheuhammer et al., 2008).
Lead may be found in the environment in inorganic forms as lead oxides, metallic lead,
and lead salts, and less abundantly in organic forms from previous petrol-related
emissions. Lead exists as four main isotopes in the environment: 208Pb (52%), 206Pb
(24%), 207Pb (23%), and 204Pb (1%). While 208Pb, 206Pb, and 207Pb are products of
radioactive decay, 204Pb is the only stable isotope that has been in constant abundance
over time. Lead isotopic compositions are often depicted as ratios of these different
isotopes and their abundance can assist scientists in identifying the source lead ore and its
age in ecotoxicological studies (Komarek et al., 2008).
The three most common sources of lead found in the environment are from the
minerals galena (PbS), cerrusite (PbCO3), and anglesite (PbSO4). Lead uptake by living
organisms is largely dependent on its chemical and physical form, which will influence
its distribution and behavior differently in aquatic and terrestrial environments (Hoffman
et al., 2003). In aquatic environments, lead toxicity is associated with the concentration of
the free divalent ion, Pb2+, which is formed when Pb-containing salts are disassociated in
a solution. The free divalent ion may form stable complexes with carbonates, hydroxides,
other inorganic ions, and other organic matter. Acidic conditions potentially created by
acid mine drainage or acid rain have shown to increase the bioavailabilty of lead,
effectively increasing toxicity (Hoffman et al., 2003). Toxicity decreases with increased
levels of hardness ions such as iron and magnesium, and geochemical processes
4

involving these ions may even remove lead from a solution. Toxicity may vary orders of
magnitude depending on the species affected, the pathway of exposure, the exposure
duration, the water quality, and various other factors (Scheuhammer et al., 2008).
Streams with high heavy metal concentrations may experience extremely
detrimental effects to their ecosystems by having adverse impacts on benthic micro and
macro invertebrate communities (Iavazarro et al., 2011). Highest heavy metal
concentrations are seen in receiving waters, or surface runoff streams nearby the source
of pollution. However, since lead is an insoluble metal in water it is uncommon to see
high aqueous lead concentrations. This means that metal concentrations will build up in
riverbeds where these benthic organisms, which are at the bottom of the food chain,
dwell. These benthic communities consist of insects, mainly flies and beetles, which are
in their immature stages of development and are sensitive to acute changes in toxicology,
making them popular tools in ecotoxicological studies (EnviroScience, 2012).
A study done in Spain, assessing the biotic disturbance downstream of lead and
zinc mining, reported a decline in macroinvertebrate species diversity, richness, and
dominance (Iavazarro et al., 2011). Other studies have reported that reproduction and
growth of amphipods and daphnids are correlated with in-stream sediment concentrations
of metals (Lee et al., 2005; Besser et al. 2009). In one study conducted in southeast
Missouri, it was concluded that these toxic trends may continue far downstream of the
contaminant source, and only start decreasing at around 25 km (Lee et al., 2005). These
types of health assessments of benthic invertebrate communities are often used to indicate
stream quality, and have implications not only for ecosystem health, but also human
health and activity. Metal toxicity downstream of mining and smelting industries makes it
unsuitable for human activities such as recreation, fishing, or irrigation.
5

In soils, lead mainly binds to organic matter or adsorbs high clay-content soils
with high cation exchange capacities. Lead mobility will increase if these soil
composition characteristics are limited or not present (Scheuhammer et al., 2008). The
exchangeable fraction of lead also increases as soil pH increases and as the binding sites
become saturated in extremely contaminated areas. Lead is usually found in topsoil and
has been found to have generally low mobility, so it will usually concentrate around plant
root systems. Without proper remediation, lead pollution sources persist and accumulate
in the natural ecosystem and can have extremely adverse effects on the local
environment.
The toxicity of lead contaminated soil varies greatly, but high concentrations have
been shown to have extremely adverse effects on plant growth and the survival and
reproduction of micro and macro organisms. (Rosatto et al., 2011; Shu et al., 2012). As
stated earlier, lead concentrates around the root system of plants and may be taken up into
the root cortex, but only a small fraction will move up the plant into the stem and leaves.
Exposure to high levels of lead has been shown to inhibit seed germination while
concentrations greater than 1000 ug g-1 creates toxic conditions for most plants (Hoffman
et al., 2003). Mine-degraded soils have also exhibited poor soil quality characteristics,
such as compaction, large temperature and pH fluctuations, increased erosion, and lack of
essential nutrients (Iovazarro et al., 2011; Wong et al., 2003).
A study assessing the ecological impact of lead emissions from a nearby smelter
found that microbial communities in an adjacent forest were disturbed, which increased
the rate of nutrients leaching of from the soil and ending up in a nearby aquatic
ecosystem (Hoffman et al., 2003). This low soil quality allows only the most tolerant
plant species to inhabit the area, negatively affecting species diversity and ecosystem
6

health. In areas with lead contaminated soils, Pb-tolerant vegetation has been used in
large-scale projects to bioremediate the soils in a technique called phytoremediation.
While phytoremediation is rapidly growing in popularity around the world, it is a slow
process that requires many years to complete and it requires proper disposal of the
harvested plant materials to sequester the contamination (Rosatto et al., 2011).
Finally, lead contamination may severely impact certain wildlife species, mainly
those that are at the lower levels of the biological food chain. Under persistent
atmospheric deposition, lead will accumulate on plant surfaces and topsoil. This causes a
problem for grazers that constantly feed on these plants. Larger herbivores, such as cattle,
that will ingest a whole plant including attached soil are at a greater risk of ingesting lead
than herbivores that feed on solely the aboveground plant matter. Furthermore, soil
invertebrates, such as earthworms, will pick up soil on their outer bodies and may even
consume soil, creating a toxic risk for predators that depend on these insects
(Scheuhammer et al., 2008). This is why many toxicological studies on lead involve
different bird species whose main diet are soil-dwelling insects (Derelenko and Hollinger,
2001). Understanding these ecological impacts allows for a more complete view of the
pathways and consequences of lead pollution, and can help to solve the longer-term issue
of persistent contamination.
Impacts on human health
Humans may come into contact with a variety of forms of lead on a daily basis
without any negative health consequences because most often the lead is in a form that
will not be dangerous in terms of human exposure. Generally, it is encased in a solid
matrix or is otherwise in a form that has low bioaccessibility. Lead may enter the human
body through inhalation, ingestion, skin contact, or eye contact (CDC, 2011). After oral
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ingestion, lead is able to be absorbed in the intestines of the human body and enter
circulation. About 10% of lead ingested is absorbed by adults, with a greater amount
absorbed by children (up to 50%) (Morrison, 2003). Additionally, less lead will be
absorbed if it is ingested with food because of inhibition by particular dietary
constituents, such as iron and calcium, and stimulation of excretion in feces (Hoffman et
al., 2003). Around 50% of inhaled lead is deposited in the lungs, and almost all of this
proportion enters the bloodstream. Just as ambient lead dust builds up in the environment,
it builds up in the bones after traveling in the blood through the organs. It may be
released when certain chemical agents are used to bind and mobilize lead out of the body
in a medical treatment called chelation therapy.
Lead exposure can have extremely harmful impacts on human health, especially
on children who are not only more likely to ingest lead due to increased hand-to-mouth
activity, but also absorb a much greater proportion of lead and experience more severe
effects at lower levels (Morrison, 2003; WHO, 2010). Lead is toxic to almost all organs
and organ systems in the human body: Cardiovascular, gastrointestinal, hematological,
musculoskeletal, neurological, ocular, renal, and reproductive systems (CDC, 2011), with
the greatest impacts on the central nervous system, kidneys, and blood (Tong et al.,
2000). It also imitates the processes of calcium and can bind to bones and accumulate for
decades (Meyer et al., 2008). According to the World Health Organization (WHO), high
blood lead levels or BLLs (>10 ug/dl) can cause neurotoxicity, impaired growth and
development of red blood cells, and harm to various organs in the body. Elevated BLLs
may cause nausea, severe abdominal cramps, weight loss, anemia, renal tubular
dysfunction, muscle aches, and joint pains. When lead interacts with brain cells, it may
cause encephalopathy, convulsions, or delusions. In pregnant women, lead may also pass
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through the placental barrier and reach the fetus, causing miscarriages and still births
(Principles of Ecotox). Acute lead poisoning (>75 ug/dL in adults) may lead to
convulsions, coma, or death (MJ Brown et al., 2010).
Although the number of worldwide morbidities caused by lead poisoning has
been significantly reduced since the banning of some major lead-containing substances
(petrol, paint, etc) and the implementation of “safe” blood lead level limits in most
countries, chronic exposure to lower levels of lead is still a global issue. The effects of
high blood lead levels have been thoroughly studied for many years, but more recent
research has shown that lower levels, BLLs as low as 2 ug/dL, can also have significant
long-term effects on cognitive and behavioral development (Meyer et al., 2008).
Studies have been performed to determine the long-term effects of Pb on
behavior, IQ, and social structures. Even if an area is not highly contaminated, low-level,
long-term exposure to lead may cause neurotoxicity, which disrupts normal activity of
the brain, leading to long-term impairment of cognitive and behavioral functioning
(Lamphear, 2007; Kaneshiro et al., 2009). The correlation between elevated blood lead
levels and deficits in cognitive functioning has been well documented. This may have
extremely detrimental socioeconomic effects on a community. These include increases in
children that require special needs programs and increases in students that do poorly or
don’t graduate from school (WHO, 2010). Aggressiveness and increased criminal activity
have also been linked to elevated BLLs. This will also have significant impacts on social
systems and large implications for economic losses due to increased social services and
incarcerations. Mental retardation, Alzheimer’s, Parkinson’s disease, and schizophrenia
have also been linked to chronic lead exposure (Sanders et al., 2009; WHO, 2010).
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The impact of lead is heightened in children, specifically under the age of six,
who are experiencing the most critical stages of neurological development (See Figure 1
for differences in health affects between children and adults). Childhood lead poisoning
is currently an issue of global concern, according to the World Health Organization along
with many other human rights organizations (WHO, 2010).

Figure 1: Health effects of elevated blood lead levels (BLLS) for children and adults.
(Source: Adapted from case studies in Environmental Medicine: Lead Toxicity, 1990,
ATSDR)
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Another significant public health issue is that minority and disadvantaged groups
in developing countries are often at greater risk of harmful exposure, leading to lead
poisoning. This may be attributed to multiple factors. First, they may be culturally or
financially restricted to live in the more contaminated areas, where low income would
prevent people from moving. Second, they may not have access to proper cleaning tools
or healthcare. Finally, they may not be as educated on the dangers of lead poisoning,
leading to high-risk exposure behaviors and unsatisfactory diagnosis and treatment
(Albalak et al., 2003; Meyer et al., 2008). This is an issue that the city of Mitrovica,
Kosovo has been dealing with for over a decade.
Kosovo background
Kosovo is an independent state in the western Balkan region recognized by the
US and 22 out of 27 EU countries, but its sovereign status is still disputed by Serbia and
its allies. It is an area rich in natural resources, but also an area of great conflict,
especially in the northern city of Mitrovica. Mitrovica has a population of roughly
110,000 and the area has been mined for heavy metals, mainly lead and zinc, for over 80
years (Palairet, 2003). This historical mining and processing, done mostly by the Trepca
Mining and Minerals Company (See Figure 2 for map of Trepca Mining Complex), has
resulted in extreme lead pollution problems (CDC, 2007; OSCE, 2009; Human Rights
Watch, 2009; UNEP, 2010). Although this is a very important and immediate issue, in
developing areas or in areas of political conflict such as Kosovo, there may be limited
resources to deal with such a large and long-term issue. The long-term benefits of
controlling the lead hazard would certainly outweigh the costs, but many of the benefits
are indirect and are not seen for years or even decades after intervention (WHO, 2010).
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Figure 2: Map of Trepca Mining Complex (Source: UNMIK Department of Trade and
Industry, 2001, Technical Audit, Environmental Assessment & Financial Viability Study
of Trepca Kosovo).
Mitrovica is a developing city that has been an area of political conflict for many
years and remains the focal area of dispute between Serbians and Albanians. The city is
split by the Ibar River, which to the south is dominated by ethnic Albanians and to the
north by ethnic Serbians who still claim the land as Serbia. NATO troops control the
border in order to avoid escalating conflicts between the two sides. This specific area is
12

extremely rich in natural resources, which is the main reason it became the center of
attention for political conflict between the two nations.
Until war broke out in the 1990s, lead and other heavy metal mining and
processing provided great economic prosperity, and was the main economic resource for
the region. Lead refineries and smelter plants were erected adjacent to the extraction
points. With the large volumes of lead and zinc ores being extracted and processed for
many decades, the area became extremely polluted. Little to no environmental planning
had been conducted to contain contamination or reduce potential exposure to humans.
Once violent warfare broke out, the mines were completely abandoned and all the waste
piles, contaminated buildings, and polluted soils were left to disperse lead and other
hazardous materials naturally. Tailing dams have been left to erode from wind and water
and present yet another source of risk.
During the war, many ethnic minority communities; Roma, Ashkali and Egyptian
(RAE), fled Kosovo to Serbia, where they thought they would have the best chance for
survival. The ethnic Albanians saw this as a choice to side with the Serbians and
demolished or stole the RAE’s homes, or otherwise isolated the Roma refugees when
they attempted to return. The minority groups were forced to live in former military
barracks, located directly adjacent to the heavily contaminated mine tailings and
abandoned smelter plants. These contaminated areas were left open to these poverty
stricken groups to obtain any leftover resources to make some kind of income. This
resulted in extremely poor living conditions and increased lead exposure levels for the
local community. This has since gained a substantial amount of international attention
due to many different journal publications and attention from media outlets (Human
Rights Watch, 2010). One World Health Organization expert who visited the former
13

military camps in 2005 said that it was “one of the most serious lead-related
environmental health disasters in the world and history.” This statement helped draw
significant amounts of attention from human rights organizations and the government of
Kosovo (OSCE, 2009; Human Rights Watch, 2010).
What is known and what is being done
Since the conflict ended, multiple local and international groups have carried out
health risk assessments and undertaken projects in an attempt to reduce lead exposure and
poisoning in the area. In 2004, the World Health Organization (WHO) undertook a
Health Hazard Assessment in the two municipalities closest to the mines, one being
Mitrovica. The results showed that 90% of soil samples, many taken from schoolyards,
exceeded the permissible lead limits (CDC, 2007). As children are more susceptible to
the effects of lead exposure, WHO, along with the U.S. Centers for Disease Control and
Prevention (CDC), took Blood Lead Levels (BLLs) of children aged 0-3. Results showed
that 40% of non-Roma children had elevated blood lead levels (> 10 ug/dL), while all but
two of the 102 Roma children that were tested showed elevated BLLs (CDC, 2007).
These assessments came with strong suggestions to treat these children and to
propose solutions to the contamination hazard in the area. Potential vectors of
contamination include wind-blown dust and dust accumulated on boots and clothing,
local soil contamination, locally grown food, and surface water contamination. In 2006,
two rounds of chelation therapy were carried out, but the costs of treatment are quite
high, so this treatment has been limited (UNEP, 2010). No remediation projects have
been undertaken as of summer 2012, but follow-up BLL assessments, soil sampling and
relocation projects have been done to assess and potentially reduce human exposure to
lead. These projects are implemented by various human health and human right groups
14

such as WHO, Mercy Corps, UNDP, UNICEF, and the Kosovo Ministry of Health.
Recently, Mercy Corps has successfully relocated over 90% of a local Roma population
that was living dangerously close to these mine tailings. Follow-up studies by various
human health and human rights organizations will continue to assess the success of
relocation in reducing exposure and lead poisoning (Human Rights Watch, 2010).
Purpose of study
In conjunction with the medical treatments and relocation programs that reduce
the immediate threat of lead poisoning, prevention programs are extremely important
tools to reduce exposure. In the article, “Global Approach to Reducing Lead Exposure
and Poisoning,” the authors outline three main strategies in prevention: “identify sources,
eliminate or control sources, and monitor environmental exposures and hazards” (Meyer
et al., 2008). As the main sources of exposure have already been identified as being the
mines, the smelter plant, and the industrial facility (which includes a battery factory),
eliminating and controlling the sources become the next step. However, this requires a
much larger-scaled project and budget than this particular project may provide. The third
step is monitoring environmental exposures and hazards, which is the main focus of this
study. A fourth and final step that could be added to this list is public education, which
ensures a more holistic and long-term solution. This may be done by continually sharing
the results of this study with the community, and by providing specific information about
their risk of exposure and how to minimize their risk. Monitoring the hazard and
educating the public begins with collaborating with the local population to determine the
main pathway(s) of environmental exposure and to assess daily life practices that might
increase risk of hazardous lead exposure.
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To determine whether people are being exposed to dangerous levels of lead within
their homes, household lead dust levels were measured. Previous research has shown that
reducing household dust containing lead results in significant reductions in blood lead
levels in children residing in the household (Lewis et al., 2012). Furthermore, a semistructured survey with open-ended questions was conducted with the head of each
household to identify any daily practices that may increase the risk of harmful exposure
to lead (refer to the methods section for further description of the survey and interview
process). From these two sources of information, correlations between daily life practices
and household lead concentrations were explored. By gathering this foundational
information, suggestions for larger projects, such as adaptations of Rochester’s Healthy
Home project (Korfmacher and Kuholski, 2008) or the Syracuse Lead Dust Project (EPA,
2003), were also made so that significant reductions in harmful lead exposure can be
accomplished (refer to the methods section for further descriptions of these projects).
2. Methods
Target population/location:
The target population for the project is the 2-Korriku community; another highrisk RAE minority group located in southern Mitrovica, along the Ibar River (See Figure
3 for neighborhood 2-Korriku, circled in red). According to prevailing wind maps
provided by Mercy Corps, the neighborhood is downwind of the mine tailings and the
abandoned smelter plant. The neighborhood is also adjacent to the former industrial park
of Mitrovica.

16

Figure 3: Neighborhood 2-Korriku (circled in red) in Mitrovica, Kosovo and its
proximity to lead pollution sources.
The population is of mixed ethnicities, with a generally even proportion of
Ashkalis (a form of Roma) and ethnic Albanians. The population is also a relatively at
risk one, as many households lack a sure means of income, and many have young
children or elderly family members. Although other high-risk neighborhoods have
received considerable attention in Mitrovica, this particular neighborhood had not
previously had any treatment or planned education and training on how to reduce the
impact of lead exposure. Households to be sampled in the 2-Korriku neighborhood were
17

chosen at random using house numbers provided by Sami Duraku, of Independent
Commission for Mines and Minerals (See Figure 4 for houses to be sampled).

Figure 4: Map displaying houses sampled within the 2-Korriku neighborhood in
Mitrovica, Kosovo.
The neighborhood is separated by a main road into two sections, the eastern
section (displayed in teal in Figure 4), which is located on the side of a hill, and the
western section (displayed in yellow in Figure 4), which is located on the eastern bank of

18

the Sitnica River. The eastern section has a greater elevation and slope than the western
section, and is also less densely populated than the western section, which is closer to the
inner city. The eastern section has about 48% of the households in the neighborhood,
while the western section has about 52%. Therefore, a random 27 out of the 57 total
households sampled were chosen from the eastern section, and the remaining 30 were
chosen from the western section.
Interviews:
To assess the knowledge and risk of lead exposure in the neighborhood, a short
questionnaire was developed to help determine what each household knows about their
current risk of harmful lead exposure, and what they are doing to prevent this risk. The
twelve-question survey, approved by RIT’s Institutional Review Board (IRB), was
administered to 57 households with the help of staff and student translators from the
American University of Kosovo and the community leader of 2-Korriku. Heads of
households were targeted and involvement of other family members was encouraged. The
following points were addressed in the questionnaire (see Appendix A for
questionnaire):


Number of children in home, hours spent playing outside, and location of
outdoor activity



Past experience with education/training in reducing lead exposure



Level of concern about lead contamination in homes and community



Cleaning practices in household, willingness to use cleaning supplies, if
available



Typical diet of household members
19



Community involvement



Willingness to participate in education programs

Open-ended questions involved asking what household members knew about the health
effects of lead, why they were concerned with lead exposure, who they felt was
responsible for dealing with the issue, and any other comments they wished to make at
the end of the interview.
Household lead dust sampling:
Along with the surveys, dust wipe samples were taken following the ASTM
E1728 sampling collection standard practice from the floor inside of the entrance of each
household and the windowsill inside the kitchen (ASTM, 20012). Literature suggests that
floors and windowsills are the most commonly tested locations within households when
testing for lead dust, and they are the suggested locations to sample by the US EPA Lead
Dust Sampling Technician Field Guide (EPA, 2012). As suggested by this field guide, a
square foot template was used for the floor, but could not be used for the windowsill
sampling due to space constrictions, so a square-foot was estimated. For each sample, a
chain of custody form was filled out, with the sampler’s name, time and location of
sampling, and household number. The CDC-approved wipes were obtained from
Schneider Laboratories Global, Incorporated, located in Richmond, Va, and were
analyzed by the same lab following the return from Kosovo (Schneider Labs, Inc., 2013).
Results from the analyses are presented in the Results section.
Analysis of data:
Results from the sample wipes and the surveys were compiled into a single
database using the SPSS statistical software program (IBM SPSS Statistics. Computer
software. Vers. 20.). Once the surveys and the lead concentrations of the dust wipes were
20

compiled into SPSS, the results were analyzed separately. Surveys were analyzed using
simple descriptive statistics in SPSS. Certain results from these surveys served as “red
flags” for increased lead exposure risk including having children, unsatisfactory cleaning
practices, little or no knowledge of lead exposure risks, getting local foods, and having a
poor diet (enhanced lead absorption with low-calcium diet) (Hoffman et al., 2003).
Household lead concentrations were also linked to household locations using a
Geographic Information System (GIS).
Households were then be placed in one of four categories: Homes with high lead
dust concentrations, homes with “red flags” for increased lead exposure risk, homes with
both high lead dust concentrations and “red flags” for increased lead exposure risk, and
homes with low or no lead dust concentrations and no “red flags” for increased lead
exposure risk. Each of these groups may require individualized instructions for how to
reduce their household’s exposure to lead, including suggestions for cleaning techniques
and materials, foods that might reduce lead absorption, places to avoid outdoors, and
other simple steps to take to minimize their risk. To separate out homes with hazardous
lead dust concentrations, households with lead dust concentrations greater than the US
EPA’s federal hazard standards of 40 ug/square foot for the floor and 250 ug/square foot
for the windowsill (EPA, 2012) were identified on maps to search for geographical
trends. Because of privacy issues, these maps were not published, but graphics depicting
homes were used to convey the results. Individual homes exceeding one or both of these
standards were identified and corresponding interviews were analyzed to determine if the
household is using satisfactory cleaning practices and/or doing anything else in their daily
life that might put their homes at increased risk of lead dust contamination. Homes that
were found to be below the safe limits for household lead dust and had no red flags were
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also identified. For these homes, recommendations are focused more on dangerous
exposure outside of the household. Based on the interviews and wipe results, a
comprehensive, collaborative assessment was made on the potential threat of harmful
lead exposure for this specific community. This includes recommendations for education
and outreach techniques that should prove to be useful to students at the American
University in Kosovo that will be continuing on with this project. Cleaning techniques,
sufficient cleaning materials, places to avoid outdoors, food that will reduce lead
absorption and other simple practices that may help to decrease the risk of harmful
exposure to lead are some of the suggestions included in this report. In order to continue
collaboration with the community, this assessment will be shared with municipality and
community leaders, and next steps will be established.
Collaborative partners and project continuation:
The study was done in collaboration with Mercy Corps, a human rights group that
has had experience working with other Roma communities. They provided knowledge of
the local socioeconomic factors and how to interact with the Roma communities. Another
collaborative partner was the American University in Kosovo (AUK), a sister school of
RIT located in Pristina. They provided Albanian to English translators and training for
conducting interviews in Roma communities. Students and faculty members from AUK
were involved in the assessment methods in order to continue the project following the
completion of the surveys and dust wipe analysis. Additionally, community leaders of 2Korriku and employees of the municipality of Mitrovica were involved in developing
next steps for minimizing risk of harmful lead exposure in the region. These next steps
may involve creating an outreach program similar to Rochester’s Healthy Home project
and the Syracuse Lead Dust Project. However, these are projects done in US cities using
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US regulations, so significant adjustments may be made using various techniques
outlined in certain international lead exposure mitigation projects. These adjustments
may include changing the lead risk from lead-based paint to lead dust, adding in
additional suggestions specific to communities located in mining areas, and translating
suggestions to Albanian (Albalak et al., 2003; Meyer et al., 2008; WHO, 2010).
The Healthy Home project was a collaborative effort between a group of
community organizations and academics in Rochester, New York designed to reduce inhome environmental hazards, including lead contaminated dust. An interactive museum
was set up in a residential building within a low-income neighborhood with the purpose
of reducing in-home environmental hazards by providing the local population with
education and resources to maintain a healthy home environment. Events such as field
trips or barbeques were set up in order to increase public interest. To educate the public,
brochures on environmental health hazards that may be found in people’s homes and
simple steps to keep a healthy home were distributed, demonstrations on how to properly
remove lead-contaminated dust and other in-home environmental health hazards were
done, and individual training on cleaning techniques was given (Korfmacher and
Kuholski, 2008). The project is nationally recognized and has been adapted and
replicated for other cities in the United States.
The Syracuse Lead Dust Project, funded by the US Department of Housing and
Urban Development (HUD), was an effort very similar to Rochester’s Healthy Home
project in that it coordinates community outreach to low-income households at risk of inhome lead contamination in Syracuse, New York. Trained professionals first took dust
wipe samples from hundreds of at-risk households and if the household showed
dangerous lead levels (EPA standards mentioned above), then they would provide an
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intervention. This intervention would first involve contacting adults in the households
and describing the lead hazard in their home. The trained professionals would then
proceed to provide useful information, including where the lead hazard was and how
serious the risk of exposure is, and simple training in sufficient cleaning methods to
remove lead from their home (EPA, 2003).
3. Results and Discussion:
Table 1: Descriptive statistics for number of total people, children, and adults in
households sampled in the neighborhood 2-Korriku.

N

Number of adults in a

Number of children (<18)

Total number of people

household

in household

in house

57

57

57

Mean

3.70

2.35

6.05

Median

4.00

2.00

6.00

Minimum

1.00

.00

2.00

Maximum

8.00

7.00

13.00

The average number of total people in the sampled homes in the neighborhood 2-Korriku
was a bit more than six people. The median for total people in the household was also six.
The average number of children in households in the neighborhood was between two and
three, while the median was two. The average number of adults living in households in
the neighborhood was close to four, which was also the most common number of adults
living in the sampled homes. These numbers indicate that most homes in the
neighborhood 2-Korriku are three-generation households. This provides the potential for
the grandparent(s) of a household to watch over the children while the parents might be
working. The maximum total number of people living in a household was thirteen, while
the maximum number of children in a household was seven and maximum number of
adults was eight. These numbers might indicate the economic stress that some of these
households face having to support such large families. Additionally, according to a report
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by the Organization for Security and Co-operation in Europe, some Ashkali families that
found their homes destroyed or taken following their return from Serbia moved in with
relatives living in the 2-Korriku neighborhood (OSCE, 2010). This would help to explain
the large number of family members living in many of the homes. For further details on
household compositions, see Figure 5 below.

Figure 5: Households with indicated number of adults, children, and total people living
in their home.
Figure 5 represents the general household composition trends in the neighborhood 2Korriku. The values in each bar represent the number of households that have the
indicated number of adults, children, and total people living in the home, with each color
adding up to the 57 total sampled households. The blue bars represent the number of
households that have the indicated number of adults on the x-axis, while the red bars
represent the number of households with the indicated number of children, and the green
bars represent the number of households with the indicated number of total people. It can
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be seen that out of the 57 sampled households, 23 of them had more than six people total
living in their home, followed closely by the 5-6 total people range which is the category
a third of the sampled households fell into. Only about quarter of households sampled
had four or less total people living in the home. This is a relatively large number of
people living in most of these homes, which are generally on the smaller size (one story,
one or two bedrooms). Twenty-nine of the 57 sampled households had 3-4 adults living
in the home and an even proportion (~25%) of households had either five or more or two
or less adults living in the home (only one household had a single adult). This indicates
that most households have extended family members living in the home (grandparents,
aunts, or uncles). The greatest proportion of sampled households had 3-4 children (30%
of sampled homes), while ten households (18%) had five or more children. Thirteen of
the 57 sampled households (23%) had no children living in their home. This great
variance in children living in each household shows just one factor that might influence
household concern and lead exposure risks levels, as children are more prone to lead
exposure and are impacted at lower levels. Having children in a household was
considered a red flag for increased risk of lead exposure.
Table 2: Descriptive statistics for amount of lead dust on the floors and windowsills of
households sampled in the neighborhood 2-Korriku.
N Minimum Maximum

Amount of household lead dust in
ug/dL on entrance floor
Amount of household lead dust in
ug/dL on window sill

Mean

Std.

# of homes above

Deviation

hazard standard

57

9.99

4298.20

94.23

567.50

57

9.99

1329.30 106.44

194.69

6 (11%)

7 (12%)

*US EPA’s federal hazard standard for lead dust on floor= 40 ug/dL
*US EPA’s federal hazard standard for lead dust on windowsill= 250 ug/dL
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The average lead dust concentration from the floors directly inside the entrance of each
household was 94.23 ug/dL, which is more than twice the EPA’s federal hazard standard
for floors. However, only 6 out of the total 57 sampled households (11%) exceeded the
hazard standard. Additionally, if the maximum floor concentration (4298.20 ug/dL) is
dropped, the average falls to 19.16 ug/dL, which is less than half the hazard standard. The
standard deviation for floor lead dust concentrations was quite large at over 550 ug/dL,
most likely due to this maximum value (a possible outlier). The average lead dust
concentration from windowsills inside or closest to the kitchen of each household was
106.44 ug/dL, which is well below the EPA’s federal hazard standard for windowsills.
There were seven homes (12%) that exceeded the hazard standard for lead dust on
windowsills. The standard deviation for windowsills was much smaller than for floors,
but was still fairly large at almost 200 ug/dL. One household exceeded both of the US
EPA’s federal hazard standards for floors and windowsills (second highest floor value,
fourth highest windowsill value). These numbers are below what was expected, since the
neighborhood 2-Korriku is directly adjacent to the industrial park and downwind from the
lead tailings and slag heaps. Furthermore, most roads in the neighborhood remain
unpaved, which would help contribute to a greater amount of contaminated dust
potentially entering homes. These low household lead dust concentrations may be due to
the thorough and regular house cleaning that most households undertake (refer to Figure
16).
These results were used to display the sampled homes within the neighborhood 2Korriku that exceeded the hazard standards for either floors or windowsills. These maps
are not being displayed due to privacy issues, but they were made and analyzed. Potential
geographical trends for homes with high household lead dust concentrations may have
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included living in the western section of the neighborhood. This section had ten out the
twelve homes that came up hot for household lead dust. This may have been due to the
fact that homes in the western section were more clustered, closer to the city, and
generally smaller than homes in the eastern section, however more data must be gathered
before any of these conclusions are made. Other expected trends were that homes closer
to the industrial park and/or the lead smelter and tailings or homes closer to busy roads
might have had greater household lead dust concentrations, but these expectations did not
seem to be the case according to the maps. A larger sample size would have made this
geographical analysis more useful and reliable. See Figure 6 below for visual
representation of households above and below the lead dust hazard standards.
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Figure 6: Visual representation of homes exceeding the US EPA’s hazard standards for
lead dust on floors and windowsills.
Figure 6 shows the number of homes that were below both hazard standards for lead dust
on floors and windowsills displayed in blue, homes above the floor hazard standards
displayed in red, homes above the windowsill hazard standards displayed in yellow, and
the home above both standards displayed in maroon. From this figure it can be seen that
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most homes fell below the hazard standards, with five homes above the floor standard,
six above the windowsill standard, and one home exceeding both hazard standards.

Had visitor to educate about risks of lead
exposure (n=57)

23%

yes
no

77%

Figure 7: Proportion of households that have
had visitor to discuss harmful lead exposure in
the area.
Figure 7 shows the percentage of households that have or have not had an official visitor
from a governmental or nongovernmental organization come to their home to explain the
risks of lead exposure in the area. According to the survey results, over three-quarters of
the households sampled have not been visited by someone with knowledge of the
potential lead exposure risks in the area. This means that unless members of the
household have done research and educated themselves on the issue, the majority of
people might not know there is a risk of harmful lead exposure in the area. Additionally,
they might not know what the symptoms or effects of lead poisoning are, where the main
sources or pathways of lead contamination are, or how to minimize their family’s
exposure to lead. Answering “no” to this question was considered a red flag for increased
risk of lead exposure.
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Been trained in proper lead
prevention cleaning techniques

14%

yes
no
86%

Figure 8: Households that have been trained
to properly remove lead from their home.

Figure 8 shows the percentage of households that have or have not been trained on
proper cleaning techniques to remove ambient lead from their home. According to the
survey results, about six out of every seven households sampled had not been trained on
how to properly remove lead from their homes. This indicates that although households
may regularly clean their homes, they do not know the best ways to remove lead dust.
This might include information such as best types of cleaning materials for picking up
lead dust, where lead dust concentrates in homes, or how to prevent lead dust from
entering their homes. Answering “no” to this question was considered a red flag for
increased risk of lead exposure
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Concerned with family's in-home
exposure to lead (n=57)

32%
yes
no

68%

Figure 9: Households concerned about their
family’s exposure to lead inside their home.
Figure 9 shows the percentage of households that are or are not concerned about their
family’s exposure to lead inside their homes. According to the survey results, about seven
out of every ten households sampled were concerned with their family’s exposure to lead
within their own home. This shows that most households do know that there is a risk for
lead exposure within their home even though most have not been educated on the matter.
Concerned with family's exposure to lead in
other areas of community (n=57)

30%

yes
no
70%

Figure 10: Households concerned about their
family’s exposure to lead in community.
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Figure 10 shows the percentage of households that are or are not concerned about their
family’s exposure to lead in other areas in their community. According to the survey
results, about seven out of every ten households sampled were concerned with their
family’s exposure to lead within their own home. This also shows that most people do
realize that there is a lead contamination issue in the area and are worried about health
effects for their family. Answering “no” to this question was considered a red flag for
increased risk of lead exposure.
Perceived risk level of lead exposure in home (n=55)
25

Number of households

20

22

15
15
10

5

12

6

0
no risk

low risk

m edium risk

high risk

Figure 11: Perceived household lead exposure risk.
Figure 11 shows the respondent’s perceived level of risk for their family’s exposure to
lead within their own household. Only 55 households responded to this question. The
greatest number of households (39%) believed that there was a medium risk level for
exposure to lead in their homes. 21% of respondents thought that there was a high risk for
lead exposure in their home, while 37% thought there was a low risk or no risk at all for
harmful lead exposure in their home (3% had no response). This shows that more than
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half of the households sampled believe there is a significant risk for lead exposure within
their home, indicating a desire to somehow reduce this risk.

Perceived risk level of lead exposure in other areas in community
(n=54)
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Figure 12: Perceived risk of lead exposure in community.
Figure 12 shows the respondent’s perceived level of risk for their family’s exposure to
lead in other areas in their community. The greatest number of households (42%)
believed that there was a high risk level for their family’s exposure to lead in their
community, followed closely by the medium risk level, which 39% of respondent’s
answered. Only 14% of respondents thought there was a low risk or no risk at all for
harmful lead exposure in other areas in the community (5% did not respond). This
indicates that most people realize that the main sources of lead contamination (Industrial
park, smelter, and tailings) are nearby, and that their perceived risk for lead exposure is
greater outside than inside their households.
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Other community members concerned
with lead contamination issue (n=57)

21%

yes
no
79%

Figure 13: Perception of community concern
about lead contamination issue.

Figure 13 shows whether or not the respondents thought other members of their
community were concerned with the lead contamination issue. This question was meant
to indicate community interaction. If a similar proportion of households responded yes to
the question regarding concern for family’s lead exposure in the community (Figure 10),
then that would show people have a pretty good idea of what the rest of the community is
feeling. According to the survey results, about four out of every five households sampled
thought that other members in their community were worried about the lead
contamination issue in the city. This shows that community members probably interact
with each other enough to talk to each other about the lead contamination issue. This
might provide the potential for a community-wide event or program to further educate the
public and to train them how to minimize lead exposure.
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Extent of community concern (n=51)
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Number of households
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0
only a fe w people are co ncerned m ost people are concerned

everyone is concerned

Figure 14: Perception of level of community concern about lead contamination.
Figure 14 shows how the respondents perceived the level of community concern about
the lead contamination issue in their area. Although most respondent’s believed other
members of the community were concerned about the issue (as seen in Figure 13), the
greatest number of respondents (37%) thought only a few people were concerned. About
21% of respondents felt the whole community was concerned while 32% felt most people
were concern (10% did not answer). This might indicate that community members only
interact with their close neighbors or that most of the neighbors they do talk to do not
seem concerned about the lead exposure risk.
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Approximate number of hours children play outdoors (n=45)
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8
6
4

5

5

5
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7-8

>8

2
0
1-2

3-4

Hours outside

Figure 15: Hours children spend playing outdoors daily.
Figure 15 shows the approximate number of hours the children of each household play
outdoors. From this figure it can be seen that many children in the neighborhood spend a
good portion of the day playing outside. Children in fifteen households played outside for
five or more hours a day while children in ten households spent three to four hours
playing outdoors daily. Fifteen households had children that spent one to two hours a day
playing outside and the remaining seventeen households either did not have children or
did not answer the question. Children typically played in the front or backyard of the
house, the garden, the neighborhood, the nearby river, or the center of the city. This
shows that children of the neighborhood may be significantly exposed to lead outside of
their homes by playing in the lead-contaminated soils or river for long periods of time.
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Actions taken to reduce family's lead exposure (n=57)
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Figure 16: Actions taken at household level to limit lead exposure.
Figure 16 shows the different strategies that households undertook in order to reduce or
minimize their family’s exposure to lead. If more than one action was taken per
household, all actions were recorded. The figure shows that the vast majority of
households use regular house cleaning as a method for reducing lead exposure. 35
households limit their family’s or their children’s time outdoors to reduce exposure while
seven households (12%) did nothing to reduce their family’s risk of lead exposure. 91%
of respondents said their home was cleaned on a daily basis, while the remaining 9%
cleaned their homes every other day. This indicates that most households in the
community are using regular cleaning as the main technique for reducing lead exposure.
These cleaning habits might be a main factor as to why the household lead dust
concentrations were fairly low. Answering “nothing” to this question was considered a
red flag for increased risk of lead exposure.
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Household cleaning effective at
reducing lead exposure (n=57)

37%

yes
63%

no

Figure 17: Households that thought
current cleaning methods were sufficient
for reducing family’s lead exposure.
Figure 17 shows whether or not the respondents thought that current household cleaning
methods were effective at reducing their family’s exposure to lead. According to the
survey results, about three out of every five households sampled thought that their current
cleaning methods were effective at reducing lead exposure inside their homes. This
shows that, considering their knowledge on the matter, most people are satisfied with
their cleaning practices to remove lead from their home. This question might also be an
indicator of the respondent’s training in sufficient cleaning methods for removing lead
from their home. This response becomes more significant for homes that have high lead
dust concentrations (further analysis below).
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Table 3: Results from questions gaging households desire to learn or do more to reduce
lead exposure
Yes

No

%

Beneficial for community to learn more about lead
exposure risks and how to minimize risks

54

3

95%

Willing to use better cleaning supplies if supplied

56

1

98%

Willing to participate in educational program on
minimizing family's risk of lead exposure

52

5

91%

Table 3 shows the results from questions 11, 7a, and 11a in the survey. These questions
were meant to see if the community members wanted to do more to minimize their
family’s risk of lead exposure in the area. The vast majority of respondents not only
thought an educational program would be beneficial to the community, but would also be
willing to participate in a program in the future. Furthermore, all but one household
would be willing to use better cleaning supplies if they were available to them. These
responses show that the community wants to increase their knowledge about the risks of
lead exposure and wants to figure out the best strategies for minimizing these risks. These
are the most important responses for planning to do further outreach in the 2-Korriku
neighborhood. Had responses to these questions been more negative, it would indicate
that educational outreach might not be the best option moving forward. This would make
reducing lead exposure in the community much more difficult since it would require
working with unwilling participants. Rather than holding a community-wide event, it
might require going door to door convincing community members that there is a great
risk for harmful lead exposure in the area and that they need to do more to reduce their
family’s exposure.
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Typical diet results:
According to a case study on lead contamination in Mitrovica done by Dekonta, a Czech
consulting company, locally grown food is potentially one of the main pathways for lead
exposure. Produce grown on contaminated soils and produce exposed to environmental
elements that might deposit lead on the surface of the plants have shown to have elevated
lead levels exceeding maximum limits set by the European Commission of the European
Union (UNEP, 2010). The maximum limit for lead in meats is 0.10 mg/kg in wet weight
and for fruits and vegetables it ranges from 0.10-0.30 mg/kg in wet weight. For dairy
based products the maximum limit is 0.20 mg/kg in wet weight (European Union, 2006).
Additionally, various studies have shown increased lead absorption with diets low in
calcium, iron, and zinc (Hoffman et al., 2003). The following results show that most
households in the 2-Korriku neighborhood have a reasonably balanced diet, and that most
of their food comes from the grocery store with exceptions of fruits, vegetables, and beef.
This indicates that there is not a great risk for increased absorption of lead due to poor
nutrition in this particular community, but that local food consumption is a potential
pathway. The food from local sources is often sold on the sides of roads where dust is
commonly stirred up, adding to the risk of lead contamination. Getting food from local
sources will act as a red flag for increased lead exposure.

41

Figure 18: Households with fruits or vegetables in their regular diet and sources.

Figure 18 shows the number of households that eat the indicated fruit or vegetable on the
x-axis on a regular basis and where they get the fruits or vegetables. The blue bars
represent the number of households that got the indicated fruit or vegetable from a
grocery store, while the red bars represents the number of households that got them from
a fresh market, and the green bars represent the number of households that got them from
a local farmer. The purple bars show the number of households that do not eat the
indicated fruit or vegetable on a regular basis. The fresh market and farmer responses are
meant to show how many households get locally grown food, while the grocery store
response indicates imported food. If respondents got their food from more than one
source, each source was recorded. This shows that a relatively even proportion of
households got their fruits and vegetables from local and more distant locations, with
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local sources slightly edging out imported sources. The exception is mushrooms, which
most households (77%) do not eat on a regular basis and all but one household that do eat
them get them from the grocery store. This indicates that locally grown fruits and
vegetables might be a major pathway for lead exposure for many households in the
neighborhood.

Figure 19: Households with meats in their regular diet and sources.

Figure 19 shows the number of households that eat the indicated meat on the x-axis on a
regular basis and the source. The blue bars represent the number of households that got
the indicated meat from a grocery store, while the red bars represents the number of
households that got the meat from a fresh market, and the green bars represent the
number of households that got the meat from a local farmer. The purple bars show the
number of households that do not eat the indicated meat on a regular basis. The fresh
market and farmer responses are meant to show how many households get locally grown
food, while the grocery store response indicates imported food. The graph indicates that
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most households only eat beef, chicken, and fish on a regular basis, with a small
proportion of homes that have lamb or goat regularly. Most homes (81% and 92%)
bought their chicken and fish from the grocery store while a few more households bought
their beef from a local source (52%) rather than the grocery store (48%). This indicates
that local beef might be a pathway of lead exposure, as livestock was noted as exceeding
the maximum values for lead (UNEP, 2010).

Figure 20: Households with dairy products in their regular diet and sources.

Figure 20 shows the number of households that eat or drink the indicated dairy product
on the x-axis on a regular basis and the source. The blue bars represent the number of
households that got the indicated dairy product from a grocery store, while the red bars
represent the number of households that got the dairy product from a fresh market, and
the green bars represent the number of households that got the dairy product from a local
farmer. The purple bars show the number of households that do not eat or drink the
indicated dairy product on a regular basis. The fresh market and farmer responses are
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meant to show how many households get locally grown food, while the grocery store
response indicates imported food. This graph indicates that most households do purchase
dairy products on a regular basis. Also, households generally get their dairy products
from the grocery store (Milk: 89%; Cheese: 84%; Yogurt: 95%; Eggs: 96%) rather than
from local sources (Milk: 12%; Cheese: 14%; Yogurt and eggs: 3.5%). This may indicate
that dairy products are not a major pathway for lead exposure in this community.

Figure 21: Households with whole grains in their regular diet and sources.

Figure 21 shows the number of households that eat the indicated whole grain product on
the x-axis on a regular basis and the source. The blue bars represent the number of
households that got the indicated whole grain product from a grocery store, while the red
bars represent the number of households that got the whole grain product from a fresh
market, and the green bars represent the number of households that got the whole grain
product from a local farmer. The purple bars show the number of households that do not
eat the indicated whole grain product on a regular basis. The fresh market and farmer
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responses are meant to show how many households get locally grown food, while the
grocery store response indicates imported food. This graph expresses similar results to
those seen in the dairy products graph. Almost all households got their whole grain
products from the grocery store (96% for both rice and bread) rather than from local
sources. This also indicates that whole grain products are most likely not major pathways
for lead exposure in the area.
Table 4: Risk categories
Categories
1

2

3

4

# of households

7

30

5

15

Percentage

12%

53%

9%

26%

1, 2, 3, 7, 9, 10,
11, 12, 15, 16,
Homes in
4, 8, 13, 14,
17, 18, 20, 21,
category (refer to 6, 24, 27, 30,
5, 35, 42, 19, 22, 26, 31,
23, 25, 28, 29,
figure below for
37, 40, 47
49, 52
34, 38, 39, 41,
32, 33, 36, 43,
more details)
44, 53, 57
45, 46, 48, 50,
51, 54, 55, 56
Categories: 1= Homes with only high lead dust concentrations
2= Homes with only “red flags” for increased lead exposure risk
3= Homes with both high lead dust concentrations and “red flags” for
increased lead exposure risk
4= Homes below lead dust hazard levels and no “red flags” for
increased lead exposure risk
Table 4 represents the four lead risk categories that were mentioned in the methods
section. Homes were considered to have “red flags” for increased lead exposure risk if
they answered with the trigger response for three out of the five red flag responses from
the survey. The trigger responses were having a child or children in the household
(question 1b.), not being previously visited or trained by someone with knowledge on the
matter (questions 2 and 2b.), expressing concern about their family’s lead exposure in the
community (question 5), not regularly cleaning their home (question 7), and having
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locally sourced food in their typical diet (question 8a.). These were identified as
indicators for increased risk of lead exposure based on the known primary pathways for
lead exposure in the Mitrovica area (UNEP, 2010).
There are different risks and different methods for reducing exposure, depending
on which category each household fell into. Each of these categories may have a unique
set of instructions and other important information that will be most useful to households
in the category. For example, homes that fell into category one would need to first
concentrate on removing the lead dust problem from inside their home, as indicated by
the swab tests, in order to minimize the existing problem, and then focus on preventing
lead from entering and improving cleaning techniques. Homes in category two would
need explanations as to why they are at increased risk for harmful lead exposure and
tailored plans for reducing or minimizing these risks. Homes in category three would
need a comprehensive set of instructions including instructions and information given to
both categories one and two, emphasizing how important it is to remove the lead dust
hazard from their home due to their increased risks for harmful exposure to lead. Finally,
category four would need more general information on where in the Mitrovica area they
need to be worried about harmful lead exposure and how to remain in the lowest risk
category.
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Legend:

Exposure concern
in community

Hot floor

Below hazard
standards

Hot window

Have children

Clean home
regularly

Hot both

Had visitor or
have been
trained

Get local food

Figure 22: Households above and below hazard standards for lead dust on floors and
windowsills and “red flag” questions.
Figure 22 summarizes the key findings of the study. It includes homes above and below
the floor and windowsill hazard standards for lead dust and the results of the red flag
questions for each household sampled. From this figure individualized risk levels can be
estimated for each household sampled and individualized lead reduction and/or
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prevention plans can be developed. Household number 6 for example, is above both lead
hazard standards but also cleans on a regular basis, indicating either poor cleaning
practices, inadequate cleaning supplies, or continuous dust loading. Additionally, there
are children living in the home and they have not been visited or trained by someone with
knowledge on the matter, which further increases the risk of harmful lead exposure.
Finally, they know about, and are concerned with the lead exposure risk in the
community and do not purchase local foods, both of which might slightly help reduce
their lead exposure risk. This analysis can be done for each home and may help to
generate a more specific set of instructions for each household than instructions for each
category the homes fall into (Table 4).
It should be noted that although not being visited or trained was considered a red
flag for increased lead exposure, it did not seem to have an effect on household lead dust
concentrations. Five out of the twelve homes (42%) that exceeded one of the two hazard
standards were visited or trained before this project while eleven out of the 45 clean
homes (24%) were visited or trained. This may indicate that the materials and
information provided during these visits might be improved on. Additionally, it does not
seem as if regular house cleaning correlates with homes below the hazard standards as all
but one home above the standards clean their homes regularly. This indicates that
households do have good cleaning habits, but may not have sufficient lead removing
cleaning materials. Expressing concern for lead exposure also did not seem to have an
effect on household lead concentration, as nine of the twelve hot homes did express
concern. It should also be noted that although homes may not be hot for lead dust, family
members may still be at an increased risk for lead exposure through local foods or by
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having children that spend long hours of the day outside. These are both trends that can
be seen in the majority of the sampled households in Figure 22.
4. Recommendations:
Recommendations for removing household lead contamination and minimizing lead
exposure risks:
In response to the lead exposure risks associated with lead-containing paint, health
offices for many states in the United States created “lead-safe” databases with tips for
minimizing (mainly children’s) exposure to lead. The list of tips each state provides are
almost identical with each other and with the strategies outlined by the US Centers for
Disease Control and Prevention, Department of Housing and Urban Development, and
Environmental Protection Agency (EPA, 2012). Furthermore, a number of non-profit
organizations have formed with the goal of reducing lead exposure for children and
people living in old, urban housing units. Strategies from these sources that would be
useful for homes in the 2-Korriku neighborhood are listed below, along with specific
strategies for Mitrovica residents:
1. Wet-mop floors and wet-wipe windowsills: These are known as the most
common dust-accumulating surfaces and sometimes simply sweeping, brushing, or dry
wiping does not remove all lead dust sufficiently and may in fact spread the dust around.
The National Center for Healthy Housing recommends using warm water and an allpurpose cleaner, such as Method, 409, or Lysol All Purpose Cleaners, which may be
found at a local grocery store (NCHH, 2008). There are also lead-specific cleaners, such
as D-Lead All Purpose Cleaner or ToxOff, but they may be more difficult to find. The
CDC recommends wet mopping and wet-wiping every 2-3 weeks (CDC, 2912), but this
recommendation is for homes with lead-containing paint and not for homes in lead
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mining and processing areas. Therefore, these cleaning practices should be done more
commonly. Rinse mops and sponges thoroughly after every use (EPA, 2012).
Furthermore, water used to clean and rinse should be disposed of properly. This may
involve filtering the water through cloth into a sewer or toilet, then disposing of the
filtering material with the rest of the trash ((New York State Department of Health,
2010).
2. Keep children’s play areas and toys dust-free: As children are more likely to
ingest lead, absorb a greater amount, and are affected at lower levels, it is extremely
important to keep their play area as the cleanest area of the house. This may require wetmopping and wet-wiping surfaces multiple times per week and cleaning toys daily
(NCHH, 2008).
3. Prevent lead dust from entering home: This includes dust brought into the home
by the wind and by humans on clothes or shoes. Doors and windows should be kept
closed on windy days to avoid wind-blown dust from entering. Additionally, as the soil in
the Mitrovica area has been found to have high lead levels, all shoes should be taken off
before entering the home. Children’s dirty play clothes and adult’s clothes that may be
contaminated from their workplace should be taken off before entering the living areasof
the home and washed separately from the rest of the family’s clothes (NCHH, 2008).
4. Keep children from playing in bare soil: It is easier to stir up and inhale or
ingest lead on bare soil than grassy areas. Dirt will also stick to children’s hands, clothes,
and toys, creating a greater risk of exposure (NCHH, 2008). If possible, plant grass on
bare soil area or cover with wood chips or mulch (CDC, 2012). If financially able,
purchasing sod rolls or clean topsoil, grass seed, and fertilizer to speed up the covering
process.
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5. Wash hands with soap and water regularly: Hands should be washed after any
sort of outdoor activity that may have got them dirty, before eating, and before sleeping
(NCHH, 2008).
6. Eat a balanced diet: Eating certain foods high in calcium, iron, zinc, and
vitamin C, while avoiding foods high in fat content, may reduce lead absorption in human
bodies. This includes dairy products, green, leafy vegetables, beans, eggs, lean meat,
fortified cereal, peanut butter, oranges, grapefruit, tomatoes, green peppers (New York
State Department of Health, 2010). This could prove to be difficult for some families who
may not be able to afford getting all of their food from the grocery store. It can already be
seen that many households purchase fruits, vegetables, and beef from a local source,
which might be due to financial constraints. They should at the very least thoroughly
wash foods bought from local sources.
7. Run tap water before use: Although drinking water has been found to be
generally acceptable for lead concentrations (UNEP, 2010), it may be worth it to take
extra precautions. In case old plumbing pipes are used to carry water into the home,
running tap water for about a minute will help reduce the lead content. Additionally, hot
water is able to hold more lead than cold water, so use cold water for cooking, cleaning,
and drinking (EPA, 2012).
Further actions to take to reduce lead exposure in Mitrovica:
8. Try to avoid buying local foods: Locally grown fruits or vegetables, or locally
raised livestock may have high levels of lead (UNEP, 2010). These foods may have
higher levels of lead on their surface since they are exposed to environmental elements
and are usually sold on the sides of roads where dust is often stirred up. All food bought
from local sources should be thoroughly washed to avoid additional exposure. If possible,
52

all foods should be bought from the grocery store where it is imported from outside of
Mitrovica. However, many households may not be able to afford to do this, so further
options for reducing the risk of lead exposure from local foods should be explored.
Additionally, avoid eating fish from the local rivers (Sitnica and Ibar) and food from
personal gardens (if clean soil was not used). Again, eating food from a personal garden
may be necessary for some homes that may be financially unable to buy all foods from
the store. Therefore, clean soil and raised garden beds should be used to avoid
contamination from the soil in the area.
9. Keep children out of local rivers: Both the Sitnica and Ibar rivers are highly
contaminated with heavy metals and other hazardous contaminants (UNEP, 2010).
Allowing children to swim and play in these rivers may significantly increase their risk of
lead exposure.
10. Avoid lead contaminated areas (Refer to Figure 2 and Figure 4): These are
the areas that are extremely contaminated with lead and they should be avoided until
remediation projects are completed. However, some people may go to these contaminated
areas to collect materials to earn a living. Therefore, warning signs could be placed
around these areas and steps to minimize the risk of harmful lead exposure if entering
these areas should be provided.
11. Advocate for family’s health: Call on community leader(s), municipality, and
non-profit organizations to help with issue by providing better cleaning materials,
professionals to train on lead-prevention strategies, more common tests on blood lead
levels of children, paving roads, and collecting waste regularly. This will be more
effective with more community collaboration, as more voices will influence greater
actions to be taken. Additionally, if the community wishes to solve some of their own
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problems, grants from the government or non-profit organizations should be requested for
taking action. This can be made easier if educational partnerships are made between the
community and the American University in Kosovo and Mercy Corps.
Recommendations for next steps:
The next step in this project will be to present the findings to all those involved in
Kosovo, including interested staff and students at the American University in Kosovo,
Mitrovica municipality officials, the head of the 2-Korriku community, and the Mercy
Corp’s county director, Lee Norrgard. From there, future steps will be decided upon on.
Possible options for proceeding with this study will first include getting the results and
other educational materials out to the sampled households. Using the information
gathered in this project, they may be alerted to exactly what risks they face regarding lead
exposure and how they might go about minimizing their risks. This should be done using
brochures or informational flyers including maps, sources of exposure, and strategies for
minimizing the risk of harmful lead exposure (all of which may be found in this paper).
Additional techniques for getting this important information out to the community
might include identifying elementary or middle school level teachers in the area and
collaborating with them. Providing teachers in the area with simple presentations on the
lead risk and minimizing the risk might prove to be a very useful technique for spreading
this useful information.
Another potentially useful but more expensive technique might be developing a
hub similar to that used in the Healthy Homes project in Rochester (Korfmacher and
Kuholski, 2008). Another technique borrowed from the Healthy Homes project is holding
some sort of barbeque or event with free food that would encourage community members
to show up and learn more about the dangers of lead exposure in the area. Follow-up
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household lead dust sampling should also be done to assess the success of these outreach
strategies.
Some over the strategies suggested include asking people to change their
behavior. Therefore, different methods for conveying the public health issue should be
explored in order to optimize the outreach process. Scientific literature on conveying
public health issues to people in foreign countries using US projects should be reviewed
to identify best practices. This outreach should be a priority project for students at the
American University in Kosovo continuing on with this research.
Other potential projects or further research that may be done by students at the
American University in Kosovo includes identifying and/or developing lead-safe play
areas nearby the 2-Korriku community, minimizing the lead risk from local foods, and
reviewing materials used in previous educational visits or training.
5. Conclusion:
Although the results of this study suggest there is still a great deal of work to be
done in order to minimize lead exposure in the 2-Korriku community, it also shows that
there has been some progress and that there is potential to do much more in the
community. The household lead dust concentration results show that the majority of
households are below hazard standards. Considering most households have not been
educated on the lead risk in the area or trained on how to remove or prevent lead from
entering their home, these are positive results. However, the risk of the accumulation of
household lead dust will continue to persist until the major sources of lead, which
surround the community, are dealt with. Households that fell above the hazard standards
need to be alerted immediately about the dangerous risk of lead exposure inside their
home. All but one household that fell above one of the hazard standards clean their
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homes on a regular basis and believe their cleaning was effective at reducing the lead
exposure risk from their home. Therefore, they should be visited by trained professional
or provided with better cleaning materials to remove the household risk as soon as
possible. Additionally, reviewing what materials and information were presented at the
training sessions during the previous visits to some of these homes might be necessary.
Several of the homes that noted that they had been visited or received training came up
hot for household lead contamination, so either their practices need improving or perhaps
the training was not effective.
Another extremely concerning finding is the amount of time children spend
playing outside. Most of the streets in the neighborhood remain unpaved and there are
many bare soil areas that children spend long hours of the day playing on. The soil in the
Mitrovica region has been found to have dangerous levels of lead in some areas,
including the 2-Korriku neighborhood (See Figure 4). According to a report done by the
University of Sienna in 2009, the soils in 2-Korriku have 1000 mg/kg of lead and the
edge of the neighborhood closest to the Sitnica River contains up to 5000 mg/kg of lead
(Borgna et al., 2009). The US EPA's standard for lead in bare soil in play areas is 400
ppm by weight and 1200 ppm for non-play areas (ratio for mg/kg to ppm is 1:1)
(astr.cdc.gov). Additionally, children were seen playing in the Sitnica River and on the
banks of the river, and were even seen catching fish from the river to bring home to eat.
Since most of the homes in the neighborhood have not been visited by a trained
professional, they do not realize how great of a risk it is for their children to be playing in
these areas. Therefore, the community should be immediately alerted to have the children
in the neighborhood directed to grassy areas or areas with safe soil lead contents to play.
For example, the south-eastern section of the 2-Korriku neighborhood is not only farther
56

from the lead contamination sources but also has significantly lower levels of lead in the
soil.

Figure 22: Lead content in soils in Mitrovica, Kosovo (Source: Borgna et al., 2009)
The results from some of the other “red flag” questions were also quite telling of
how at risk the 2-Korriku community is. Although most of the household concentrations
were below the hazard standards, there are other major pathways of lead exposure that
the community faces. Many of the sampled households get some of their food, mainly
fruits, vegetables, and beef, from local sources (Fresh markets or farmers). As
documented in several studies, some of these foods have been found to have high lead
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contents (UNEP, 2010). Therefore, this may be a pathway for increased lead exposure,
even in homes below the hazard standards, and should also be communicated to the 2Korriku neighborhood. Finally, most households are concerned with both their lead
exposure in their home and in other areas in their community but have not been visited by
a trained professional. This indicates that outreach for this neighborhood might be
beneficial to ease some of this concern about their lead exposure risk by empowering
them with knowledge of where they are at greatest risk and how to minimize their risks.
However, the materials and information used in previous visits or training should also be
carefully reviewed and improved if needed. This would be another potential project for
the students at the American University in Kosovo.
There are a few aspects of this study that might have improved the quality of the
research findings. This study would have benefited greatly by having more data collected.
Although the findings of this research give an idea of the risk level in the 2-Korriku
community, it does not give the full picture. There may be homes in the neighborhood
that weren’t sampled that are at a much greater risk of lead exposure both inside and
outside of their homes. There were households sampled that had extreme household lead
dust concentrations that need immediate intervention and there may be more that were
not sampled. Therefore, expanding this research to the whole 2-Korriku community is
necessary. A second aspect of this research that might have improved the quality of the
findings is adding in some additional questions to the survey. One question that should
have been asked is whether their behaviors change in the different seasons of the year.
For example, do the children of the household spend more time outdoors in the summer
than the other seasons or do cleaning habits change with different seasons? Also, asking
where the children go to school and testing the school for lead dust would have improved
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the study. Finding out the exact materials households use to clean would also have been a
good addition to the survey. This would have allowed the determination of whether or not
the community needs to be provided with better lead-removing cleaning materials.
Finally, it would have been beneficial to find out exactly where the foods sold at the fresh
markets and by farmers are grown or where the livestock is raised. It would obviously be
of greater concern if food was grown or livestock was raised in areas that are high in lead
content.
One of the main goals of this study was to be the starting point for a project, or
multiple projects, that might be undertaken by students at both the Rochester Institute of
Technology and the American University in Kosovo. Eventually, the study should be
expanded throughout the city of Mitrovica, in which all areas are at some level of risk.
The extreme and long term lead contamination in the city provides the opportunity for
students to undertake educational projects (mentioned in Recommendations section) that
will be extremely beneficial to the health of residents living in the Mitrovica area.
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Appendix A:
Mitrovica Household Survey Interview Guide
Survey #: ___________________________
Household #:___________________________

Question #1. How many people live in this household?
Question 1a. How many adults? (18 older)
Question 1b. How many children (Under 18)
Question 1 c. What are the ages and sex of the adults?
Age

Sex

Adult #1
Adult #2
Adult #3
Adult #4
Adult #5
Adult #6

Question 1 d. What are the ages and sex of the children?
Age

Sex

Child #1
Child #2
Child #3
Child #4
Child #5
Child #6
Child #7
Child #8
Child #9
Child #10
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Child #11

Question #2. Has anyone come to your home to talk to you about lead contamination in your
home? (Check one)
YES
NO

Question #2a. If YES, who visited your home and when? (List)
Organization

When (approximate date)

Question #2b. Has anyone trained you how to properly clean your house to prevent
lead contamination?
YES
NO

Question #3. Can you tell me some of the effects of being exposed to high levels of lead
contamination?

Question #4. Are you concerned about your family’s exposure to lead in your home? (Check
one)
YES
NO

Question #4a. Why? (Regardless of “Yes” or “No” response).
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Question #4b. If YES, would you consider the level of risk for lead exposure in your
home to be (check one):
High risk
Medium risk
Low risk
No risk

Question #5. Are you concerned about your family’s exposure to lead in other areas of the
community?
YES
NO

Question #5a. If YES, what areas of the community do you believe have the highest risk
levels for lead exposure? (Use map to have them indicate where they believe the
highest levels of risk are.)
Area

Why?

Question #5c. If YES, would you consider the level of risk for lead exposure in your
community to be (check one):
High risk
Medium risk
Low risk
No Risk
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Question #6. Are other people in your community are concerned about high levels of lead
exposure?
YES
NO

Question #6 a. If YES, to what extent is the community concerned?
Only a few people are concerned
Most people are concerned
Everyone is concerned

Question #7. What actions do you take to reduce your family’s exposure to lead? (Use list only
for prompts. List others offered by respondent.)
Regular household cleaning
Avoiding high lead areas in town
Nothing

Limiting time outdoors
Limiting children’s time outdoors

Question #7a. How often do you thoroughly dust and mop your house?
Times Per Week
Times Per Month

Question #7b. Do you think regular household cleaning is effective at reducing your
family’s exposure to lead contamination?
YES
NO

Why?:
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Question #7c. If available, would you be willing to use cleaning supplies that would
better reduce lead contamination in your house?
YES
NO

Question #8. Which of the following items does your family eat during a normal week?
Question #8a. Where do you typically purchase these products?

X

Item
Fresh fruit (apples, pears,
cherries, melons, grapes etc.)
Fresh citrus fruit (oranges,
grapefruit, lemons, etc.)
Fresh leafy green vegetables
(spinach, lettuce, kale, collards,
etc.)
Fresh root vegetables (carrots,
potatoes, turnips, rutabagas,
etc.)
Fresh vine vegetables
(tomatoes, peas, cucumbers)
Fresh mushrooms
Beef
Chicken/Poultry
Goat
Lamb
Pork
Fish
Milk
Cheese
Yogurt
Eggs
Rice (grains)
Bread

Grocery Store

Source
Fresh Market

Farmer

Question #9. Approximately how many hours do your children play outdoors each day?
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Question #9a. Where do your children typically play?

Question #10. Who do you think is responsible for improving the issue of lead contamination in
the area?

Question #11. Is it beneficial for your community to be educated about the risks of lead
exposure and how to minimize these risks?
YES
NO

Why?

Question #11 a. Would you participate in education programs which would teach you
how to minimize your family’s lead exposure?
YES
NO

Question #12. Is there anything else you would like to share about your personal experience
with lead or your knowledge of lead contamination in Mitrovica?
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